CLAMPED MONOLI THI C SHONERHEAD ELECTRODE FI ELD OF THE | NVENTI ON [ 0001] The
invention relates to a showerhead el ectrode assenbly of a plasma processing
chanber iwowhiooiszem conduct or conmponents can be nmanuf aeCuSsd00ISLIRWARY

[ 0002] According to one enbodi ment, a showerhead el ectrode assenbly
conprises a nonolithic stepped el ectrode clanped to a backing plate wherein
t he shower head el ectrode assenbly conprises an upper el ectrode of a
capacitively coupl ed plasna processi ng chanber. The stepped el ectrode is a
circular plate having a plasm exposed surface on a | ower face thereof and
a nount i ng surfaceCbAMREDNMONOIJFHIGESHONWERREABDURLECGTRODEace i ncl udes
a plurality of alignnent pin recesses configured to receive alignnent pins
arranged in a pattern matching alignnent pin holes in a backing plate

agai nst which the plate is held by cam | ocks and the plate includes process

gas out | et s FRELBNQEITHE INVENTEON nat chi ng gas supply holes in the backing
pl ate. The face includes an outer recessed surfa surroundi ng a

pl anar innew@gifé@’&‘W‘Wi‘%fé@}?ﬁ%&gl&"}é?j'{l%"dlri%fg@dfsﬁéﬁe&ﬁﬁ%@ 'flﬁﬁépaand out er

inclined supfReQig éhablver & Whith@Qbmsddn@UEbLESRDdrRhlsYcaf PRGREhuFRAIed POCKeEL S TN
t he outer recesseé;surface are configured to receive |ocking pins therein

adapted Y0 cooperate with camlocks to clanp the stepped el ectrode to the

backi ng pl algr IQR ] According to another enbodi nent, a shower head
S?My—?f

el ectrode a a capacitively coupled plasnma processi ng chamnber

conprises a[0goa] mMccomtitg @ ord elibdirieias Khavgerpéal éectibdg Wissethbly 6gmprisksa
stepped el ectrode. -The thermal control plate is supported by a tenperature

control | ed f&rqnobthi¢ sepprdalerirade stamanadig adelipg plate wheremptheghowererd| pl at e
having a dig P@- LR |
o1 ocoss ng. ek d-Safet coffisl MPhiler ERBEIQUOFARIENLD BT MR,
t her eof 1 t progessing chauber. b€hesteppddretecarads lisa ciptudgraiite biasing Bydadmac ki ng pl ate
is supported b éhe thernﬂl control plate and has aﬁgianeter sngl | er than
the t her mal ke Striase one loyas 455 dugepd and RAPUTHING Y ACH PRI 2R HARGT GRS i n
hori zont al | yhefedreTHE RbuRAhS Surfdd28ndli&! £olbidlgy Bﬁzﬁi@nﬂ%& Aiire€QY&] tO a
t hi ckness of the outer perTphery of thebacking plate and at |east one
hori zont al | yordiguegitiiorTgcaave asgnimmt pinsasangeyl intarmatigin mhtching alignment pin
holes in a backing plate against which the plate is held by cam locks and the plate
15  includes process gas outlets arranged in a pattern matching gas supply holes in the
backing plate. The upper face includes an outer recessed surface surrounding a
planar inner surface, the plasma exposed surface including inner and outer inclined
surfaces. A plurality of circumferentially spaced apart pockets in the outer recessed
surface are configured to receive locking pins therein adapted to cooperate with cam
20 locks to clamp the stepped electrode to the backing plate.
[0003] According to another embodiment, a showerhead electrode assembly of a
capacitively coupled plasma processing chamber comprises a thermal control plate,
a backing plate, a guard ring and a stepped electrode. The thermal control plate is
supported by a temperature controlled wall of the plasma processing chamber, the
25  thermal control plate having a diameter larger than a wafer to be processed in the
plasma processing chamber and including annular projections on a lower side
thereof with gas plenums between the annular projections. The backing plate is
supported by the thermal control plate and has a diameter smaller than the thermal

control plate, gas passages therethrough, and cam locks in horizontally extending

30 bores. The shield ring has a height equal to a thickness of the outer periphery of the
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shield ring, the shield ring being rotatable around the backing plate to
align the access bore with at |east one of the cam | ocks. The stepped

el ect r odewbasiogmss4passages t heret hrough in fluid communiPCattiseonomiionz t he gas
passages in the backing plate The stepped el ectrode includes vertically

ext endi ng | ocki ng pins which engage the cam | ocks, the stepped el ectrode
supporting the shield ring and being renovabl e by rel easing the | ocking
pins fromthe cam | ocks. BRI EF DESCRI PTI ON OF THE DRAW NGS [0004] FIG 1
shows a cross-sectional view of a showerhead el ectrode assenbly form ng an
upper el ect badkengplate andpé dhast arel horizontallg @xtehdingmceasa borerpassing dirohgnthe

bst r at ' rd,ring..[0005] . FIG 2A i t hr ee- di i |
" opr esont at FORAGhe ik find eiroragie g e iRk af lpER QFoct  ode i n
the react or a&dee¥Work Wiftl 4e1eabt ohPOOEE chith FockdB The saaggé&él%cﬁ@@éﬁaargak vi ew of

the exenplary cam | ock el ectrode clanp of FIG 2A [0007] FIG 3 shows
si de- el evat pawsagasdherstheorighyin dluzdvrorgmupication withithe gasypassagies ipthgibackisgd in

the cam{ oc f_FEl A. and , FI.G  4A.sh i de- el evation
and asseérrbl élagérgtvqﬁ@%g%pegfe@ﬁmé?( n?rcrl)lfda%? e-ré%%ﬁgggf? lu% é%égnf\g é)l\ﬁ%@gc% ngggé/cl anp
of FIGS. 2Athdm?Bckd, @R0¢ppel ClechBds bipporttngCthe ShickEbig oitbbeidg esth@fabin

exenpl ary cutter-path edge of a portion of the camshaft of FIG 4A [0010]

FIG 5 showBY &leassigethp decding pips fropethgsamipeks- with a stepped el ectrode,
backi ng plate, thermal control plate, guard ring and top plate. [0011]

FI GS. 6A and 6B are perspective views of the stepped el ectrode. [0012] FIG
7 is a per SBRIEFVBESCRIPTION OFCKHBRODRAMWENGS0013] FIG 8 is a perspective
vi ew of  t he_shower head el ectrode assenhly wi thout the guard ring. DETAI LED
DESCRI PH{ O\I[({Ogﬂﬁ]ﬂﬁnel %hé’B’rsiac%PF%WCHPnaJﬁ’“?%P&@ISB‘P‘@EFI’S?‘? elgrirodent erf?glm cal ly
begins with -hi i | i hi gh- j [ = L

sem conduct gjrqnﬁrr% grrl Pgﬁérs%%??)rd gtog%?cggé%mgg?g%l%%ﬁlag@hggéc?}%ﬁfo}‘u%#cﬁ%n zﬁ l ed a
"waf er." Eagibstvafeshavingaudyjagdtiag. t o a sequence of

[0005] FIG. 2A is a three-dimensional representation of an exemplary cam lock
for clamping a stepped electrode in the reactor shown in FIG. 1.
15 [0006] FIG. 2B is a cross-sectional view of the exemplary cam lock electrode
clamp of FIG. 2A.
[0007] FIG. 3 shows side-elevation and assembly drawings of an exemplary
locking pin used in the cam lock clamp of FIGS. 2A and 2B.
[0008] FIG. 4A shows side-elevation and assembly drawings of an exemplary
20  cam shaft used in the cam lock clamp of FIGS. 2A and 2B.
[0009] FIG. 4B shows a cross-sectional view of an exemplary cutter-path edge
of a portion of the cam shaft of FIG. 4A.
[0010] FIG. S shows a showerhead electrode assembly with a stepped electrode,
backing plate, thermal control plate, guard ring and top plate.
25 [0011] FIGS. 6A and 6B are perspective views of the stepped electrode.
[0012] FIG. 7 is a perspective view of a backing plate.
[0013] FIG. 8 is a perspective view of the showerhead electrode assembly without

the guard ring.



physi cal and chem cal processing steps that formthe various circuit
structures on the wafer. During the fabrication process, various types of
thin fil nsorraw/doss4deposited on the wafer using various Pethiseepeesssuch as
t hermal oxidation to produce silicon dioxide filnms, chem cal vapor
deposition to produce silicon, silicon dioxide, and silicon nitride filns,
and sputtering or other techniques to produce other netal filns. [0015]
After depositing a filmon the sem conductor wafer, the unique electrical
properties of sem conductors are produced by substituting sel ected
inpurities DEPAHBDIMESERIBIEON crystal lattice using a process cal |l ed

dopi ng. The gﬂﬁﬁgd | lfﬁl?r?crltlgﬁlpaan al} %tggglrgul{ ?1558 t%{: le efg%rlse\g twegﬁ'ma thin

Iayer of ph i've SENSsI erla

'resist." Sﬁalléheg@Béﬁ%ﬂhl@h-@&hf)@%ﬂ@ldﬂ&%tﬁl seghitdiRlueloe eiaterinl gabsidite @Ruéthe
circuit may then be transferred onto the resist using a process knomn as

| i t hogr aphy as sWieemher garmanivansgHedn " walsr.o ddash quﬁrelslswégtﬁéﬁfea sequeacs of
tt y N
P etuced, 5 py BRGICH SO oo hB5as B Stel il ififh e IS, oA ARERAN 68 (Y

The it hogr av;aﬁe,d Druesigshe fwbht:euicm pmcésbe\rariomaqqieebfﬂdn fiho ntaydeldegesitedi ng
crystalline s ﬁfue of. the sem conductor eri r.ou rocgss known
\M °h té 8?‘}

h
as et chi ng. 0\1/ BYRE XIS teFlupgnss suchy3s tla'ég‘aplfoéflc%il fihg and

chem cal vapRyifleRasi LhciIOd P%r oBRibA e ﬁ%o?lu@@mﬁb'&? tsﬂ%ﬁ%&bfdé 4Ra! yi ng an
etching or deposition gas to acuun1c amber and application of a radio

frequency ( RHpor hitide ﬁhsns laed gagterimgonethgr mhmlqeesgmqaroduoy cdhgymstakfilstsat e.

[ 0017] re i,ye jon etchin ste i.C s of an .etching
Chanter (0 ¢ R o A P ERATCMENS on e ontubcr STRdes Litaia BREHE A node
posi ti oned E%@ﬁie@ ofIaﬁlcsﬁam&l@ alSpro8eRib Wuusthhﬁﬁ Qelwtédhrﬁﬁﬁ‘ﬁﬂ;@tmtbo t he

anode and the container walls. The wafer to be etched is covered by a
sui t abl e na#ie sgmdcqpidueteticrystablattice QSHIgtEhETOG@S lvalied dwlts&e”ﬁh@dwe)d sikeont i ve gas

Wwaler mdy thcn 110 1 Wlth ayer o oLoSensItive ra tion
such as CF4 g—ﬂfg gdggn?|f‘8‘i“h§gg%t8 SF grrrl )&IrP res Itlhgr e%d ‘Jih 2, N2,

He or Ar isin uce mal nt al i

pressure \Ahseﬁimtiv& mhatpriA1pddiled ian'rédise. "nSIhhlll tg,@dirﬁethafp@ﬂerng'heﬁnmgelﬂe Glbﬁﬁ‘drf ode is
provi ded wi th gas hol e(s), which permt the a_q s to be unifornl ydi spersed
t hr oughl} hePathe it theqictihmgythen batsmsredanto tedetistusing RPQCesskagPNed

bet ween t he;;aRgAeLeNHutilg Mgk Jrotlss IREIntlFatbB Cirb GRELtHT nf el 07 M NY

pl asnma.
drawn on a glass plate called a "mask" and then optically reduced, projected, and

transferred onto the photosensitive coating.
[0016] The lithographed resist pattern is then transferred onto the underlying

20  crystalline surface of the semiconductor material through a process known as
etching. Vacuum processing chambers are generally used for etching and chemical
vapor deposition (CVD) of materials on substrates by supplying an etching or
deposition gas to the vacuum chamber and application of a radio frequency (RF)
field to the gas to energize the gas into a plasma state.

25 [0017] A reactive ion etching system typically consists of an etching chamber with
an upper electrode or anode and a lower electrode or cathode positioned therein.
The cathode is negatively biased with respect to the anode and the container walls.
The wafer to be etched is covered by a suitable mask and placed directly on the
cathode. A chemically reactive gas such as CF4, CHF5, CCIF3, HBr, Cl; and SFg or

30  mixtures thereof with O,, N,, He or Ar is introduced into the etching chamber and
maintained at a pressure which is typically in the millitorr range. The upper

electrode is provided with gas hole(s), which permit the gas to be uniformly
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The surface of the wafer is etched by chemical interaction with the active
i ons and by nonentumtransfer of the ions striking the surface of the

waf er. Thwoebmutsi4o field created by the el ectrodes w | IPCatUSR@OW03I98E | ons
to the cathode, causing the ions to strike the surface in a predom nantly
vertical direction so that the process produces well-defined vertically
etched sidewalls. The etching reactor electrodes may often be fabricated by
bonding two or nore dissimlar nenbers with nmechanically conpliant and/or
thermal |y conducti ve adhesi ves, allomdng for a multiplicity of function.

[0018] FI G disperseshirenghytbe sleswedd intrathewhamber: Themdeatiio fieldrestabliplffer head
el ectrode a 1 f | a r-QCessi-n stem f i
Substr ot os. PREEEh Yredhdal b fulk AR RASERSHAL (R RRER < G Bhllleesma

i ncl udes a Thepwdstealfeled wofte islekbhedabyorhelicy intbrattonlWith thesktivedomds «hdr i ng (or
outer ring) 170. The shower head el ectrode assenbly 100 al sQ includes a

pl asma conf PHEmEmentyEd@asiey of be iopirsikiag the syriase of e wadey Thesdesing) 1so,

whi ch sugro r i . o) : e
backi ng ol af SHErE G cIBEUBOGTN pacl (E RS ThTaRRkECORAEI ARSI, o)
pl ate 102, stnidte se supfaee ir{ & predomiminey beAidabdireugiohisqtha thid procedspnodkicss t her ei n
and formng a_t erature controlled || of the chanmber. The stepped

el ect r ode 1wllr@rf?éﬁ%V@PaﬁlmetahWIsi%ﬁAsgéﬁheﬁ@el&g TRACfOR Bk C Rt IRy én,

conductive B mﬁewehtbg b%ﬁ&ﬁ?!t@rbo?‘ﬁfd? agsﬁaiwhff'en%yssmh rdchhfiRRily

pol ycrystalline silicdon, silicon cargl e or other suitable material (such
as al um nuntemphdnt eyd/ohtheanilly eorclictiedadbesives) ahpwirtg for a nondtapkdtyadfum nun) .
The bac&ngp%!g?te 140 is nechanically secured to the electrode 110 with
nechani cal '8%ers described bel ow. The guard ring 170 surrounds the

backi ng pl agﬂn_?ﬁomdl BV &l@%sasstidnallview 3 h poRtonYT ahBRefiead eled@ssd | bed
bel ow. [ 0020] e shower head el ectrode assenbmi/li 100 as shown in FIG 1 is

Itypi cal : y usssempiyt H00f aplagnz fD@FaQSiftg %t@@kfogg W}atﬁﬂqcéiiﬁ?ﬁ’mifhg a flat
i i . ' 1 2
ower ot oot ERGEL SH% WM AU Ehal SorSBRPI A Rl HeSh AT RucaRau 1 Lo

cm bel ow t he Upper asma processing
system i s abjukired plele 140aaR] 4 yied Fid@qbosuteStied) 139. The shxwbmedd lethrédecct ri c

etch SylSSt engs:selrrrlabijyel Ob alls_oairrrl]cﬁ%zse 2 {)fars]ma confinement assembly (or wafer area pressure

(WAP) assembly) 180, which surrounds the outer periphery of the upper electrode
110 and the backing plate 140.
[0019] The assembly 100 also includes a thermal control plate 102, and an upper
(top) plate 104 having liquid flow channels therein and forming a temperature

20  controlled wall of the chamber. The stepped electrode 110 is preferably a
cylindrical plate and may be made of a conductive high purity material such as
single crystal silicon, polycrystalline silicon, silicon carbide or other suitable
material (such as aluminum or alloy thereof, anodized aluminum, yttria coated
aluminum). The backing plate 140 is mechanically secured to the electrode 110

25  with mechanical fasteners described below. The guard ring 170 surrounds the
backing plate 140 and provides access to cam locking members as described below.
[0020] The showerhead electrode assembly 100 as shown in FIG. 1 is typically
used with an electrostatic chuck (not shown) incorporating a flat lower electrode on
which a wafer is supported at a distance of about 1 to 2 cm below the upper

30 electrode 110. An example of such a plasma processing system is a parallel plate
type reactor, such as the Exelan® dielectric etch systems, made by Lam Research

Corporation of Fremont, Calif. Such chucking arrangements provide temperature
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Corporation of Frenont, Calif. Such chucking arrangenents provide

t enperaturecontrol of the wafer by supplying backside helium (He) pressure,
whi ch corwoabp/tbsor at e of heat transfer between the waPer/usea9ob®szhuck.

[ 0021] The upper electrode 110 is a consumabl e part which nust be repl aced
periodically. To supply process gas to the gap between the wafer and the
upper el ectrode, the upper electrode 110 is provided with a gas discharge
passages 106, which are of a size and distribution suitable for supplying a
process gas, which is energized by the el ectrode and forns glasna in a

reaction zoﬁ@tbﬂlﬁ’éﬂlehw@ﬁqébﬂWylé)éé’é@ks&féleil}!m (He) opezpurehwhicheaptrals dae

el ectrode a LQC I onfi nenent assenbly (or
waf er area B@g%é/a(&%%@a@eg\gk {;’)'éqﬁ%%ﬁ%gﬁ%%‘rrounds t he outer periphery
of the uppe(0021ciThedppdridlearndetlno ibackisithaplegsaet Wiidh milzebetepsaved

confinement assenbly 180 is preferably conprised of a stack or plurality of
spaced- apar PerRdisally. Togpplyorrocessigantosthe gap hefyveen theoweler apsbihe jRBEY, of upper

el ectrode 1 @5!% ' I - ' ' asma
confi nerr%nt l]:faégse Fﬂ)}%gpggﬁg%@ 1?"3? égogﬁ(}ég'uéflt?g §§%§%%§g$ﬁas§ %%grlgg’ct i on
zone and i nevhédsas of hsize lard Histrialtionaaitshla fieresupglyinpenprobessrgagotvhiomisc hanber
wal I s and the pla t her eby conflining the plasma between t upper

el ectrode 1i’C‘Frg‘ﬁ83 gﬁéhel 'geé‘éﬁldéla@ tf?rﬁbsepqﬁﬁm InggysaFfion {%%Peﬁﬁ}edgpﬁée, t he
confi nement ¢febip8ife 14O confine the plasma to the chanber volune and controls

the pressure of the plasma within the reaction chanber. The confinenent of
the plasma {#022he Theasbowerheachelntteodei assemtflyiOf iatso indludesraplasma or s i ncl udi ng

t he spaci ng bet ween. t he nf i nepent rings the pressure.in the reaction
chanberf(?)ut gprjaregient ?‘Féelgéﬁﬁ‘éoﬁ@’ﬁg%tar?ai 94@%“%61‘%9\?% afsr‘?ﬂﬂ’ﬁ%a Wh{%e type and
flow rate ofurkdifids@fe owdér pieipheyofitheupRy lecfbde { IRHIRNE YalllingplaROVEY. -
Confinenent of the plasma is nore easily acconplished if the spacing

bet ween t he Thonlasma wenfinemenyssseobly $8Q isrpyeforably comysedaifiastack ospaci ng of
0 15 e 5% bt 5P 6 AL ARS8 R Slger bREPRRESEDS O,
it is desirappet elddrbdé hE) smbibie bgcking phate B4l). UDlutih processiigee glinar essur e
requir eijS f Ogonollfeirrlré?l{ as%crarggﬁlsl%Opc%Lgeosrangirggs%rémdiiﬁlereen?igli irrllttﬁci: peiaggon zone and
increases the electrical resistance between the reaction chamber walls and the
plasma thereby confining the plasma between the upper electrode 110 and the lower
electrode (not shown).
[0023] During use, the confinement rings 190 confine the plasma to the chamber
20 volume and controls the pressure of the plasma within the reaction chamber. The
confinement of the plasma to the reaction chamber is a function of many factors
including the spacing between the confinement rings 190, the pressure in the
reaction chamber outside of the confinement rings and in the plasma, the type and
flow rate of the gas, as well as the level and frequency of RF power. Confinement
25  of the plasma is more easily accomplished if the spacing between the confinement
rings 190 is very small. Typically, a spacing of 0.15 inches or less is required for
confinement. However, the spacing of the confinement rings 190 also determines
the pressure of the plasma, and it is desirable that the spacing can be adjusted to
achieve the pressure required for optimal process performance while maintaining
30 plasma. Process gas from a gas supply is supplied to electrode 110 through one or

more passages in the upper plate 104 which permit process gas to be supplied to a

single zone or multiple zones above the wafer.
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pl asma. Process gas froma gas supply is supplied to electrode 110 through
one or nore passages in the upper plate 104 which permt process gas to be
suppl i ed wo 2a108i06530e zone or nultiple zones above the waCensp@92dissThe

el ectrode 110 is preferably a planar disk or plate having a uniform

t hi ckness fromcenter (not shown) to an area of increased thickness formng
a step on the plasma exposed surface extending inwardly froman outer edge.
The el ectrode 110 preferably has a dianmeter larger than a wafer to be
processed, over 300 mm The dianmeter of the upper electrode 110 can

e.g.,
be from aboli034h {Thelsisstrode Albistpreferabiy helznudisk poBlEETIAYNZOBNIPIAT e 5.
The upper e rode 110 preferably includes..nultinlge gas passages, 106 for
i nj ecting athgﬁ%lggsséorgé: nﬁ%ﬁf%o?gﬁ%\gé)ctg hfrg ?)fllg(érﬁﬁse etglg |%Sﬁ|% %rélﬁggrﬂ el ow t he

upper el ect oade plidna £32&] supfded leRteadingtimbvardily fré@mnciider@igyc Tyt al | i ne
silicon are preferred materials for EI asma exposed surfaces of the

el ectrode 1%gctredegH Omreferaply baswyfliamereydaraer than poayajerty deareqenteds Fgi-con
mnim 265 couaBith! AheMiaritBof AL BRod!idROAPY 78 B BE RERCHON) Rhchs

i ntroduces only a mnimal anmount © nts into reaction

chanber, antb #oaolWarhes fofpeddebsingl 800 Mmin PafssraThes omes slaegodé hED eby
mnimzing particles. Alternative material s including conposites of
material s t REsferably mpudpsapuliigle gas passagesidonnienting aguoesss gaLIniy p pace

el ectrode 110, inghyde ali B W & 8kdroqglypl nunm' refers to pure Al
and al l oys t %?e%#?, §ttr?% coé&%g)aﬁﬁgyﬁun] ﬁ?%? giN, and AIN, for
exanpl e. [ O(W2P] Thangbaclystalsifitat endlgdlycrystplint aflwbh praymdéereeld matensleforal t hat

is chenmcally conpatible wth_.process S ed for .processi.n

sem contfliot BPTR BEess aurizdss o theicriing? SO Budy Ry aiRsE st

coef fici ent pyciyb@NIR!silfcoRaARIARL S LT EhhalBh 6PEEtrhld8 Hufhg plaSma! ect r ode
material, and/or is electrically and thermally conductive. Preferred

mat eri al s t bedcessing dsdt inreduces ombk@mimignab awkitpicpfpindesirableoelementg deto theit ar e
not limted to. grhaphite, .S C al unm nu r other suitabl mat eri al s.
100271 "t t5sSioP et g by it TPl e s BRbe Mg BREy N ol n

pl ate 140 whiifigliZing pirtiktb3e Hlieendtive dhaieridIeinoRRIng enpdsaed oPRateRial thacki ng

plate, i.e., a thermally and electrically conductive el astomeric bondi ng
mat eri al’ i sCae upsd dor plaswpa-gxppsed surdacse oF bigarper elewradsdl Dinclpdat e

aluminum (as used herein "aluminum" refers to pure Al and alloys thereof), yttria
coated aluminum, SiC, SiN, and AIN, for example.
[0026] The backing plate 140 is preferably made of a material that is chemically
compatible with process gases used for processing semiconductor substrates in the
20  plasma processing chamber, has a coefficient of thermal expansion closely matching
that of the electrode material, and/or is electrically and thermally conductive.
Preferred materials that can be used to make the backing plate 140 include, but are
not limited to, graphite, SiC, aluminum (Al), or other suitable materials.
[0027} The upper electrode 110 is attached mechanically to the backing plate 140
25  without any adhesive bonding between the electrode and backing plate, i.e., a
thermally and electrically conductive elastomeric bonding material is not used to
attach the electrode to the backing plate.
[0028] The backing plate 140 is preferably attached to the thermal control plate
102 with suitable mechanical fasteners, which can be threaded bolts, screws, or the
30 like. For example, bolts (not shown) can be inserted in holes in the thermal control
plate 102 and screwed into threaded openings in the backing plate 140. The thermal

control plate 102 includes a flexure portion 184 and is preferably made of a
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[ 0028] The backing plate 140 is preferably attached to the thermal control
plate 102 with suitable nmechanical fasteners, which can be threaded bolts,
screws, owothw/dosiee. For exanple, bolts (not shown) canPb@/Useeendidd2i n
holes in the thermal control plate 102 and screwed into threaded openi ngs
in the backing plate 140. The thermal control plate 102 includes a flexure
portion 184 and is preferably nmade of amachined netallic material, such as
alum num an alumnumalloy or the |like. The upper tenperature controlled
plate 104 is preferably made of al um num or an alum num alloy. The plasma
conf i nenent maskiaad hyﬁti(lgq‘« maégrial, sueleas @iua@mmnmmlrym( yip) 9r thgdikp.s The

b asme cont Rt PsreBs broee BERe Fab iR Pty B Miimtodter o 1y ™ ©

adj ust abl e plasifAemaaey mﬁsﬁmsmblcaﬁﬁné;ﬂé}magsedﬁﬁy(drbeaieﬂ dres premalaysealgd U. S.
Patent No. 5,534,751, which is incorporated herein bé reference inits
entirety. [0029)) I¥ispesuioned eeiwasdly of the heweehaad sles pqi@/a%s?mabhw td the

backi ng pl a vvned U. S.
appli cat?onE@erl ﬁgﬁﬁ%%ﬁg@%ﬁﬂ IZSS) ﬁig @g%ﬁ 112%{8@8 {E %I scl osure of
whi ch is headiytableplaspoer @hfidedyntraigerio0¢edes¥ibéd indfoniraonly owmelUES. 2A, a

t hr ee-di rrenS| onal view of an .exenplary cam |l qck el ectrode. clanp i ncl udes

portions of PaneNecy, ?%%5126@1%3 lécoéa%rli‘?eﬁdlebqnépé refgeenca HeiteeiHeYode cl anp

I s capabl e i C %&J‘E

el ectrode 2@029]5 ]ﬁﬁe?%%:cgf) %@Pénh 8&%?]?%1?&:{13 tn%‘ggéartglqggg O%FB e such as
the plasma By @haﬁhl@abmecﬁinﬁm as defdribed in cb&ﬂﬁﬁly-mﬁe@lﬁ& applieaidrd Bgrial

i ncl udes a stud }I ocKi nc}l pin) 205 nounted into a socket 213. The stud nmay

be surr Uhndb@ 59, 036¢863¢ T hs 1 cJ008 1 the disrdosurg of whichnipiherebyt ai nl ess

steel Belleyil e 5 an c ri,ng stack.2 nay t hen

e o coar 1 gt i?wg@r%sst KR rfiaresRE fo PG 2R LE iR A PESmT kB oo "ot
adhesi ves opf AREXMPIEA can? fIcRMctrodd RS yﬂlﬁ%p@ﬁfén& Be aflleRetro@é ROD St ack
215 are arranged into'the socket 213 such that a |imted anount of |ateral

nmovenment i sambabatking plte2@h Theekkwode dampasmzambtb ofhquibidyk cleanly| ande 203.
Limting the amount of .|ateral enen 3# atl ht, fit bet\/\fenthe
6l oot roge. PR AECAE e hERBTINE SBatsods HTkRoun Bisk e a vk

cont act s Whigrephdd looR, Qi e PRRRRMPBRIHbCr ShEGA M BIG! @ di fferences i
t her mal "expansi on betwéen t part

[0030] The electrode clamp includes a stud (locking pin) 205 mounted into a

socket 213. The stud may be surrounded by a disc spring stack 215, such, for
example, stainless steel Belleville washers. The stud 205 and disc spring stack 215
may then be press-fit or otherwise fastened into the socket 213 through the use of
20 adhesives or mechanical fasteners. The stud 205 and the disc spring stack 215 are
arranged into the socket 213 such that a limited amount of lateral movement is
possible between the electrode 201 and the backing plate 203. Limiting the
amount of lateral movement allows for a tight fit between the electrode 201 and the
backing plate 203, thus ensuring good thermal contact, while still providing some
25 movement to account for differences in thermal expansion between the two parts.
Additional details on the limited lateral movement feature are discussed in more
detail, below.
[0031] In a specific exemplary embodiment, the socket 213 is fabricated from
bearing-grade Torlon®. Alternatively, the socket 213 may be fabricated from other
30 materials possessing certain mechanical characteristics such as good strength and

impact resistance, creep resistance, dimensional stability, radiation resistance, and
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Additional details on the limted |ateral novenment feature are discussed in
nore detail, below. [0031] In a specific exenplary enbodi nent, the socket
213 i s f avoi20mm@ss4hr om beari ng-grade Torlon *. Alternat PCEIUs20000a8398DCket
213 may be fabricated fromother materials possessing certain nechani cal
characteristics such as good strength and inpact resistance, creep

resi stance, dinensional stability, radiation resistance, andchem cal

resi stance nay be readily enployed. Various nmaterials such as pol yam des,
pol yi m des, acetals, and ultra-high nolecul ar wei ght pol yethylene naterials
may all be shdémighl msisﬂhmmglbpeeadilyr@nlslpyzcd fVaripuamatem'sllmh@S her rel ated
materials are not required for f

t 213
typi cal maxPRYATEdSHRPIYIpIdeS, eﬁ?ﬁ'&ﬁ‘m@@ﬁ?gg ng g?}’al? aﬁ%ﬁ%ﬁe‘ggle&:ch
chanbers. Gapgfifld Qﬁag %lltﬁél%'uﬁ%l %ﬁgé:ﬂ%&fﬁ?@gﬁ&ﬁﬁ’é abt?cs Q%fherir@lated0 C.

[0032] Ot her portions of the e ect re co rlse of a camshaft
207 surroungdecerizls freaiot esphitey far ﬁﬁnﬁng)fhecsamsdnaflti abea0ivyi 2@Picallhe canshaft
207 and canshaft bearing assenbly is nmounted into a backing plate bore 211
machi nedd i nfEXIRHEN demRETARTP FRgainteped in appligationsisuelh anpishicbambeis- f or an et ch
chanber desjgned..for 300 nm ndu tor f gpt or nore of the

el ectrode ¢ H%rgllh@t)g)écaggggrgﬁn%? "’ed els\pl)vz?sgf)ﬁd §6 "the el ectrode

201/ backi ng[gu3a) e Gdr porons st uerbledtﬂfaa%laﬂ @fece@mgfea op@animest 209 may be

machi ned froma variety of materials including Torlon*, Vespel*, Celcon*,
Delrin , Tefurooundedmt each, endrbyoa hair ofreamshad l@asmgma% fﬂha@ampbafya@? gnd

ol yet her ot FRRERdacng ROl i MRS 2 ERPE G 000 2H FBETBR KR 1 ow
particleys hﬁﬁ%a@?mgyfﬁe 9bgd 17 95{5’1@511 zﬁ)?ﬁ@ﬂﬁ;nt fof QH elt®y cﬂﬁn&ﬁfcdys&'ﬂgd ff(5r0m

st ai nl ess st eel - etc or any other materi al
provi di ng gB80@insh san@bhdlmm wmﬁers)sngm oramrebﬁﬂmeelec[tﬁﬁﬁéb]lalﬁpﬁ mayibeg now to
FIG 2B, a cross-sectional view of the el ectrode camc further

exenpl i fi esSPSeH arpund the periphsry, pbthgredectrpde 20|l fbagking méat%% £PHAmation. i n

5187 socker | DEFSL; e anRRGH bR BSI ' pe, milfinBd Hont A3 pfie forBisetihs®) RCK
astseﬂbl y namchﬁlufigcrsmeﬁf Veyparb anscoi”, Bk’ MBéflodY aads”, v diie maeksk 213
INto a

15  such as fluoropolymers, acetals, polyamides, polyimides, polytetrafluoroethylenes,
and polyetheretherketones (PEEK) having a low coefficient of friction and low
particle shedding. The stud 205 and camshaft 207 may be machined from stainless
steel (e.g., 316, 316L, 17-7, etc.) or any other material providing good strength
and corrosion resistance.

20 [0034] Referring now to FIG. 2B, a cross-sectional view of the electrode cam
clamp further exemplifies how the cam clamp operates by pulling the electrode 201
in close proximity to the backing plate 203. The stud 205/disc spring stack
215/socket 213 assembly is mounted into the electrode 201. As shown, the
assembly may be screwed, by means of external threads on the socket 213 into a

25 threaded pocket in the electrode 201. However, the socket may be mounted by
adhesives or other types of mechanical fasteners as well.

[0035] In FIG. 3, an elevation and assembly view 300 of the stud 205 having an
enlarged head, disc spring stack 215, and socket 213 provides additional detail into
an exemplary design of the cam lock electrode clamp. In a specific exemplary

30 embodiment, a stud/disc spring assembly 301 is press fit into the socket 213. The
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t hreaded pocket in the el ectrode 201. However, the socket may be nounted by

adhesi ves or other types of nmechanical fasteners as well. [0035] In FIG 3,
an el evatwonoswmsassenbl y vi ew 300 of the stud 205 havi mgTars2@aloedvged head,
di sc spring stack 215, and socket 213 provides additional detail into an

exenpl ary design of the camlock electrode clanp. In a specific exenplary
enbodi nent, a stud/disc spring assenbly 301 is press fit into the socket
213. Thesocket 213 has an external thread and a hexagonal top nenber

allowi ng for easi insertion into the el ectrode 201 (see FIGS. 2A and 2B)
with 1ight segk§tiél3 bagan external tm@asi ndca bsxagpnal tgp erepder AHaWIngf9s gasy20

Var i ous. ©ypetse @?n&ﬁ&  eoa? At eATuRRs o ancaiety BBl BBl MFon anc

al I ows for gngahd e nﬁﬁax‘gr’éﬁlfddlﬁ%hto'ab&ft 3R 6lRls) 213 ihdicfied aBBYd, Mg POCKet

on the el ectrode 20 The $tud/ socket “assenbly 303 illustrates an

I nsi de di amstcket 218 anay beprichiedt fram vatiouheypeo ok plastzs3 Usinppldsdcger t han an
outside dianmeter, of a m d-section portion of the stud 205. The difference
in di ane? er PIBEFRSRATHEE SEDRTatiOR 9?‘2&1%0‘& fosassallofreq mstaliatipn gf theasosket|
novement in, s di scussed above. The stud/disc
spring asserr%??mg%?ﬁm%%&%g&%g%de?%&lrolﬁgag?cont act wwth the socket 213 at a
base porti 0[003i$]t hﬂnéaﬁdv@@ck%ilassmblﬁwjﬂﬂludurét%@memsedel diagie®FR 8 appérl ows for
sone | ateral novenent. (See also, Fig. 2B.) [0037] Wth reference to FIG
4A, an expl pesipnafdhe amken?13 h@ngéarseratﬂlanzopu@sm jameten of apgeidrseaden 209 al so

I ndi cates a_keyin i n e of the. havn the keying
i 401 1 s PPt B 205 % filscden im e BRI R ObreE® S INQ e 58 "
pai 1 of | §mabifio PRFdride RFHifEA 14180 rA@MR f the abRimHARLllelirddeibiRphing bl ate
bore 211 provide proper alignnent of the canshaft 207 into the backing

pl ate bore ﬂﬂs&usséd shale- eTmmd/dmC\spawg:ﬁmmﬂy 80k icmambened dOrigidlcearakty

i ndicates a cement of a hex openi ng 403 on one _end of the
camshat - 20Mnihe oakeke D R Brss P@G‘i"‘bﬂfm’?éogffﬁg%?t“@“@%e dt5S8ee Por
example, wy t.o - el ectrode cam
clamp is assemg}?&E hgmgﬁéﬁoﬁeﬁQ&?ﬁeﬂg\gﬁB af:& ntg EE? backi ng pl ate

bore 211. Ttmm]aylwghpefere%&é tb IHIIGt gAr @h&kpl@ded viemm ofthe tcamshafooaf t 207
In

15 and camshaft bearings 209 also indicates a keying pin 401. The end of the
camshaft 207 having the keying pin 401 is first inserted into the backing plate bore
211 (see FIG. 2B). A pair of small mating holes (not shown) at a far end of the
backing plate bore 211 provide proper alignment of the camshaft 207 into the
backing plate bore 211. A side-elevation view 420 of the camshaft 207 clearly

20 indicates a possible placement of a hex opening 403 on one end of the camshaft
207 and the keying pin 401 on the opposite end.
[0038] For example, with continued reference to FIGS. 4A and 2B, the
electrode cam clamp is assembled by inserting the camshaft 207 into the backing
plate bore 211. The keying pin 401 limits rotational travel of the camshaft 207 in

25  the backing plate bore 211 by interfacing with one of the pair of small mating
holes. The camshaft may first be turned in one direction though use of the hex
opening 403, for example, counter-clockwise, to allow entry of the stud 205 into
the camshaft 207, and then turned clockwise to fully engage and lock the stud 205.
The clamp force required to hold the electrode 201 to the backing plate 203 is

30 supplied by compressing the disc spring stack 215 beyond their free stack height.
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t he backing plate bore 2 11 by interfacing with one of the pair of small
mati ng hol es. The canshaft nmay first be turned in one direction though use
of the hewoapmwiosgp0403, for exanpl e, counter-clockw se, PCo/tskéoowm®nt ry of
the stud 205 into the canshaft 207, and then turned clockwi se to fully
engage and | ock the stud 205. The clanp force required to hold the

el ectrode 201 to the backing plate 203 is supplied by conpressing the disc
spring stack 215 beyond their free stack hei ght. The canshaft 207 has an
internal eccentric internal cutout which engages the enlarged head of the
shaft 205. Abechmshifs20%has angingaraadiecearsrie intpinabewiout whish@ngagesithe ce i s
transmtted from..ndividual I.-ngs i,n t.he disc sprjng stack 2 to the
socket 213 8?.‘8‘%"'9@86@ R ﬂﬁéhéf‘%ér K s hist st H%é‘ar?%cjt&gnfé"?ﬂrﬁiséségi. [ 0039]
In an exenbtRmp FREEIs UanSimftted! frof in@R &fial &]ﬁm;g@ri@ bR disO§pringdscies & @l t ached
to the canshaft 207 and inserted into the backing plate bore 211, the
canshaft 20the ckeait2dB8enddabroughitid elekwodec2(latoithe biaking platea203nal travel . The

st ud/ socket mhly 303 (FIG 3) is then lightly torqued into the
el ectrod{ Zﬂi’%ﬁhe‘nﬁé&‘d‘ewlaﬁﬁéﬂ Rf opsERtiog, pRcethE camshattbeasings affe

vertically ' t I 3 | g backi ng
pl ate bore %ﬁcﬁ@&é%@ﬁlgl%yo gagaﬁd?@eﬁgﬁlgﬁlgé%%%ﬂl#éh%gbgﬁ?%gﬂp gte 203 and
t he canmshaf taméhafi 207rietrafatd couackslbsievisdtd its Aill F@dtidnaBtrk@ali Mhepi N dr ops
into the second of the two snmall nating holes (not shown) or an audible

click i s hedthd/spelet assendly BO3 délCaid),is Hendightly Torgued énipithe gleptverte 411

operation e revers dismount the el.ectrode 201 f.romthe. hacking

ol ate 203, iisdeud & BESRAAD & B HReud BT eLRay Eptent B AR\ "he
cam | ocp ar bélBGﬁtﬁE'Ilbriz&tﬁﬁ)l{'}g]:xtw&iﬂ%'bﬁéléﬁ%m&?e boeP® TR eléctiletinang! view
A-A of the side-elevation view 420 of the canshaft 207 of FIG 4A indicates
a cutter pahtldeggastthe bagking ptite 20k aidkthed cafnshife 267 isdra2ted clockwiseyunsiécur ed.
In a specific exenpl ary enbodi grent, the radii R and are chosen such
that the heSEheg Keyieg BH{TE‘@BS R dae %@ﬁ@n&)&%m SEfd %P%“g?ﬁ?lék Y noi se
described a tQ i ndi . LSiif S r 41] FIG
5 illustrat g@(@rz 03632?3 hy‘ég&rﬁgﬁg} eg@:@%}ig&ég@dg@p, gélég(’%’a?ﬁ%ie\%g?l\y[aggupl ed

pl asma chanhrde ohiopération magds fehersédtd disinogni thakelecesde 20) frant tigrbaokingd

15 plate 203. However, features such as the audible click are optional in the cam
lock arrangement.
[0040] With reference to FIG. 4B, a sectional view A-A of the side-elevation
view 420 of the camshaft 207 of FIG. 4A indicates a cutter path edge 440 by
which the head of the stud 205 is fully secured. In a specific exemplary

20 embodiment, the two radii Ri and Rz are chosen such that the head of the stud 205
makes the optional audible clicking noise described above to indicate when the stud
205 is fully secured.
[0041] FIG. 5 illustrates an upper electrode assembly 500 for a capacitively
coupled plasma chamber which includes the following features: (a) a cam-locked

25  non-bonded electrode 502; (b) a backing plate 506; and (c) a guard ring 508 which
allows access to cam locks holding the electrode to the backing plate 506.
[0042] The electrode assembly 500 includes a thermal control plate 510 bolted
from outside the chamber to a temperature controlled top wall 512 of the chamber.

The electrode 502 is releasably attached to the backing plate from inside the
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non- bonded el ectrode 502; (b) a backing plate 506; and (c) a guard ring 508
whi ch all ows access to cam | ocks holding the electrode to the backing plate
506. [ 004D 20tvenosd4ect r ode assenbly 500 includes a ther neCTasamoh3952 at e 510
bolted from outside the chanber to a tenperature controlled top wall 512 of
the chanber. The electrode 502 is rel easably attached to the backing plate
frominside thechanber by cam | ock nechani sns 514 described earlier with
reference to FIGS. 2- 4. [0043] In a preferred enbodi nent, the el ectrode
502 of the el ectrode assenbly 500 can be di sassenbl ed by (a) rotating the
guard ring Slx@nbes by ¢am-kzckpn@qhtamsmsaﬁ|lﬁmswg)eﬂmarlldtovldsrefnremh@t(gEIaGSj %ing
wth four %n1locks 514 | ocated at spaced positions in the outer portion of
the backing™plate; (b) inserting a tool such as an alien wench through
each hole i r b iR |

vertically E() Ed%\lgdl?r r}q%g pI rff o%ﬂtt tmﬂd?gg&gjggﬂ?véeﬂggrﬁeegggé srg(a’g@bglot ating
the guard r50@¢c&Dbé disassembirdcbyp(ay irbtating eel @rardging 508 ftourfilsopesitiom t he guard
ring with another four cam|ocks; and (d) inserting _a tool such as an alien
wrench thr oalg&m@&éwrﬂmleé inthe a\éargaargdwrth AQUIGAI PQ@K&?M@C@%WHSE%%@N ive cam

| ock to rel t he

el ectrode 5 §%r?]s e %8{."\,\‘%{ tﬁggrg%éekg&é)ﬁom t(EPel%g cﬂg%[é%g%[l0044]
FIG 5 al SOaﬂé‘iﬂWﬁexﬁhQﬁx@ﬁgh%@éﬂ h@eaﬁme Sr@kin gragd%tahh% ea@edrR Sdck to
arrangenments wherein a rotatable camlock 514 is |ocated in a horizontally

ext endi ng bugleass @0 erticadly eatﬁtndmgplockmemlmbf cdeh rbazﬁktlvxgcqsnal@@ Roerotaring

(2 2 ook Boeerdfng 0 dehdumpietieding B fOUT WS Rghs PR agE o
engagedidy @ithRoaidk ff&ﬁecaﬁ{ 1ofcia AATH) fskrembh W01 dﬁfatnsalltePE\‘m%ﬂél?r ged head
of the locking pin or a re ‘ease position at Ich the [ocking pin 562

i s not engagedugiyeatchélodmm the guardllring dinerdiaing eeghpesgteetivencdmdeck toertical |y
extending bores in its |ower face through which the |ocking pins are

i nserted toldfAjaddoting punel ek sespegidvestantlqsk; w@At@BYéh%ﬁleafé@% PR ean { he

el ectrode 5 a plate of high purity (less
than 10 ppmg'lg}gpvlajgr?gq ?%%f%%arig@ﬁsq’iée%ﬁg%ﬁ%ét 0 0.02 ohmcm single
crystal sil [00d44] WEIG. &l dighsious PérdshredctionsiAdew df dde of the cam lock

15  arrangements wherein a rotatable cam lock 514 is located in a horizontally
extending bore 560 in an outer portion of the backing plate 506. The cylindrical
cam lock 514 is rotatable by a tool such as an allen wrench to (a) a lock position at
which an enlarged end of a locking pin 562 is engaged by a cam surface of the
cam lock 514 which lifts the enlarged head of the locking pin or (b) a release

20  position at which the locking pin 562 is not engaged by the cam lock 514. The
backing plate includes vertically extending bores in its lower face through which
the locking pins are inserted to engage the cam locks.

[0045] FIGS. 6A-B show details of the electrode 502. The electrode 502 is
preferably a plate of high purity (less than 10 ppm impurities) low resistivity

25  (0.005 to 0.02 ohm-cm) single crystal silicon with alignment pin holes 520 in an
upper face (mounting surface) 522 which receive alignment pins 524. Gas holes
528 extend from the upper face to the lower face (plasma exposed surface) 530 and
can be arranged in any suitable pattern. In the embodiment shown, the gas holes
are arranged in 13 circumferentially extending rows with three gas holes in the

30  first row located about 0.5 inch from the center of the electrode, 13 gas holes in
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upper face (nmounting surface) 522 which receive alignnent pins 524. Gas

hol es 528 extend fromthe upper face to the | ower face (plasna exposed
surface) ®BQoawws#aN be arranged in any suitabl e patterRrCTius2e0b@05bodi nent
shown, the gas holes are arranged in 13 circunferentially extending rows
with three gas holes in the first row | ocated about 0.5 inch fromthe
center of the electrode, 13 gas holes inthe second row | ocated about 1.4
nches fromthe center, 23 gas holes in the third row | ocated about 2.5
nches fromthe center, 25 gas holes in the fourth row | ocated about 3.9

i nches fromthichsecemhtay loca@dgheuhbMeisclies fdme thied ¢enker; 33 ganbalesdn tisdthird4. 6

i

i

|

i nches f th t hol th th I t bout 5.4
| nahes fr omFeRdocuRk dout 39 Batesrapbins Retia 23ahs RelfSiid BEERIA about 6
i nches f :

: nches fromddeqGRBhes.o 1§91e§%§orﬁ?l:1ee§edté} h?ga?‘h&@%ﬁh Elfé"h*ﬂ??&%r‘?& gé&ﬁ“t 7.5
:

|

|

nches fromthe center, es In't ninth row ocated a t 8.2

i nches fr omabdie 4c@iiches frb ma&dmf €34 pas lidles inahé bixtloyow devatedchbabosid 9
inches fromthe center, 57 gas holes In the eleventh row | ocat ed about 10.3
i nches % ominiches frem e cenor, sgasdiades inrfhe peventhetop lvca@d/ab@@taé gghepout 10.9

i h f th 3.hol e he h b
1O nehos HOREHERb L 1 Bas o gineche skt Fosh IScaledGbblle 7 SnpRS g 1"
includes 9 gdrtg)¥BYas Bbles iR HRSnittH fbv&ld@hsad%b&ss D8A¢hek NS &Y @nter359i N

hol es i nward of the annular recess and 3 pin holes in the annul'ar recess
near the ougeyhddyin the tertle rew dotatabizhouTRénches érom gie geintern57 gas holes imdi al | y

al i gned and .i ncl ud ent er f the i el ectrode and 2
o1 1 ol eq. bUVREIFTE IeRdaRa0T Bl neHeD fomb e gedionopB.ges RolEs miter mod: at e
pi n hol n | y aligned
Wi th the centr %F'*%Wﬁﬂﬁ*‘%‘é‘ﬁ%‘% O TSl O, O Pt S B ROy Ty T e

outer 3 pi niltinkanh asw lsqeaaeabol201 dniackiesdtorh tatenters bet ween adj acent
pockets. [0047 FIG 6Ais a front perspective view show ng the plasma

exposed surf 530heqyppen éacs|of the elgetrerispingudes 9 plignmentRia hekes Jeith Apites .
FIG 6B Sh°§§1e$ Ba%r ﬁt!:r" % é@ e%flfl%vgl% &Pﬁ@rn{lﬁﬁﬁr%@eésh ﬂnfhcgg% W, of gas

hol es. [004 rode i nc es an ou whi ch
supports t hmegiiﬁﬁlir lﬂ:dégs P& .thé betet RS off the @lecHiBdAt TRE 35@&1&@10 Holet arbi ch

engages a |l ower surface of the backing plate 506, the |ower face (plasma
expos edl%t epaskallysaligngd end include a pin hole at the center of the inner electrode and 2 pin
holes between the third and fourth rows of gas holes. The intermediate pin holes
near the annular recess include one pin hole radially aligned with the central pin
hole and two other pin holes spaced 120° apart. The outer 3 pin holes are spaced
120° apart at locations between adjacent pockets.
20 [0047] FIG. 6A is a front perspective view showing the plasma exposed surface
530 of the electrode 502 with the 13 rows of gas holes. FIG. 6B shows a
perspective view of the upper face with the 13 rows of gas holes.
[0048] The electrode 502 includes an outer step (ledge) 536 which supports the
guard ring 508, the upper face (mounting surface) 522 which engages a lower
25  surface of the backing plate 506, the lower face (plasma exposed stepped surface)
530 which includes inner tapered surface 544, a horizontal surface 546, and an
outer tapered surface 548 and 8 pockets 550 in upper face 540 in which the locking
pins are mounted.
[0049] FIG. 7 is a perspective view of backing plate 506. The backing plate
30 includes 13 rows of gas passages 584 which align with the passages 528 in the
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530 which includes inner tapered surface 544, a horizontal surface 546, and
an outer tapered surface 548 and 8 pockets 550 in upper face 540 in which

t he | ockiw@ 2pim®sane nounted. [0049] FIG 7 is a perspe®CirusS200000951
backi ng plate 506. The backing plate includes 13 rows of gas passages 584
which align wth the passages 528 in theshowerhead el ectrode 502. The upper
face 586 of the backing plate includes three annul ar regi ons 588a, 588b,
588c whi ch contact annul ar projections of the thermal control plate 510.

The t her nual

control plate can be attached to the top wall of the plasma

chamber by shewerheadselestrasiediO2g Tlhe upngh fadee5860yf thebhcking platehincludes Huee

contr ol

Nog. | 2005/ 05UT8EEB SR GbHR0 SIROD A IS HAB IR raIsE PO oL (eifal

2008/ 009041Zont}(ﬂ§3é§i& $Gh0 We%&g@ﬁal%hﬁf@lcgétg A,JQII? b8 Wtal MAQDRAE RipPWall Bf H{céei r

entirety. Threa

openi ngs are n an outer periphery of the

upper face pBSmanrtlamber by fastenersrexgendisg hi@gh th88dp wab&atotthe tecmal e
fast eners extending throuPh openings in the top plate 512 and thernal

control
t her nal

DI acentmlplaty ap disg
con
Publ i cati on

Ots%lrb%nmﬁglymsal@eewg&i PateyRyblication Nes+ he

OB TP, 3500y SN, ROUTBRI ARty e

accommodat e thehdEsdI8dur&yst whigh afe BEreBy éncoBrbrhted tif eheiP@ifirefya CEhle@fed ecei ves an
Oing which provides a gas seal between the backing plate 506 and the

t her mal conopaslings 380carg 10catet] ingamnesier prriphbo efsthg ppemface 8§86 9péthef ace 586

recei ve ali

control

pl a

R LT S L e A S S R

bet ween Hor A8y pRFES mﬁgh leRRAI bR BIRN ST RISl ifuar d

ring fromrotating

e access bores in the guard ring after

assenbl y of codteacs hithethé ésetmeal emitrod géate p0QS5Cke,HoGex@8mpls, eoparonpeassigned vi ew

of the shower head el ectrode assenbly 500 with
expl ai ned erbi EAtent PbligaeniNg; 200%Y

positions a
position at

the guard ring renpved. As
PE15d 1 ot 5@@@@%05 & fastenivpt Whichcapy) v

E%%&&Itg@eegf?ﬁ écy%ﬁggt ® grc}i’ﬁe 3993984 @g)‘ré{ gagzte HeBdetQva 406K

rs can be 1n I'nto openings 561 to

gai E_t ai n t heingwetich ﬁidvgje@utga@fseﬂmt\aedn the blackihg pid 06 ped thehemanf t he
acki ng

The

20

25

30

|ate and t

us allow for thernmal expansion of the backing plate.
control plate 510. Alignment pin bores 594 in the upper face 586 receive

alignment pins which fit into alignment pin bores in the thermal control plate.
Horizontally extending threaded openings 561 at positions between bores 560
receive dielectric fasteners used to prevent the guard ring from rotating and plug
the access bores in the guard ring after assembly of the showerhead electrode.
[0050] FIG. 8 is a perspective view of the showerhead electrode assembly 500
with the guard ring removed. As explained earlier, the guard ring can be rotated
to one or more assembly positions at which the cam locks can be engaged and
rotated to a lock position at which dielectric fasteners can be inserted into openings
561 to maintain the guard ring out of contact with the outer periphery of the
backing plate and thus allow for thermal expansion of the backing plate. The
thermal control plate includes a flange .595 with openings 596 through which
actuators support the plasma confinement rings. Details of the mounting
arrangement of plasma confinement ring assemblies can be found in commonly-
assigned U.S. Patent Publication No. 2006/0207502 and 2006/0283552, the

disclosures of which are hereby incorporated in their entirety.
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thermal control plate includes a flange 595 with openings 596 through which
actuators support the plasnma confinenent rings. Details of the nounting

ar r angenew0 20fo/qof&sma confi nement ring assenblies can becCrasaa9ionsos2
comonl yassi gned U.S. Patent Publication No. 2006/ 0207502 and 2006/ 0283552,
t he di sclosures of which are hereby incorporated in their entirety.[0051]
The nmounting surface 522 of the el ectrode abuts an opposed surface of the
backi ng plate 506 as a result of the clanping force exerted by the 8

| ocking pins held by the 8 camlocks in the backing plate. The guard ring
508 covers {0¥lioubhd mguintingsurface t5B2 of slukelagiroseabutssocopneded by faceads s

openings in_the quarq ri are fill i th .renovabl e inserts e of plasma
oot stant pile ekt 0P 8 aarsutolige mping dse excred Bebes ke’ v

Tefl on*, Ar X i I I

pol yam des, bgﬁhﬂﬂ%g{s‘i@%o ytcg({érlgkl?eu%#g@tgﬁ??t%h:g{,eoéaiﬁgdg@??ggﬁcg?g%&? ket ones
( PEEK) havi aguatihgholeséi fHedbaeking gilaté 1506 tahd theaardedscopepings iic ke guaed dingg.

[0052] Wth reference to FIG 5, electrical contact between the backing
pl ate 50% adtf Bllekwithdemgyable inspity Made of plasyadedstapipalymepmgterisbsughocat ed

at the outer i $ e el ectred ng at, one o l. 10N

bet ween t hea%gﬁflf‘)g?%{ﬁé?e n%ﬂ?"“pi ﬁ) CE{HH’ ?ﬁ@orbu?‘élrogqoﬁadépé}nﬁégwg?%%fﬂg ?éq pads
havi ng di anmBu8fcpoBimeb Catetats akRdéd) B 5, pelytetiafluofoRiiyiily,-maned U. S.
Appl i cation Seroi?)algjf No. 11/ 892),69’75, fi I%e Augusfk_ﬁ 1, 2007, includes details
of Q pads, pblyediceathasketoresofPBRK)draving hlovebgetficicnt gidirtion ahg low parthece. To
provi de diffltlar nt process gas m xtures and/or flow rates, one or nore
optional ga$ eﬁ@f”tgi'ti on seals can be provided between the center alignnent

pi n andid hequshr WiRadferde é@ﬁgpggelﬁ&rQLI n?acprWnQ@é‘PMir@ Pteded

bet ween the el ectrode 502 an cking plate 506 at a | ocation between
t he i nner afd6 and electibdeasi® isproeided by ®neor nure Q-pads Ihicslocatbditi the onere from
an outer gas distribution zone. An Oring 558 | ocated between the el ectrode

502 and t hePgraRhErh gt Bleaﬁl"eCt‘_E’@S a&ﬂéﬁ@“‘i RO kcatiens; behwesn die cepgaloyt er Qpad
can, BT Ot Se e iy A6, OB YL RRRELE LS SR
reference tgb&i@cindi K2 inches can be used. Commonly-owned U.S. Application Serial
15 No. 11/896,375, filed August 31, 2007, includes details of Q-pads, the disclosure
of which is hereby incorporated by reference. To provide different process gas
mixtures and/or flow rates, one or more optional gas partition seals can be
provided between the center alignment pin and the outer Q-pad. For example, a
single O-ring can be provided between the electrode 502 and the backing plate 506
20  at a location between the inner and outer Q-pads to separate an inner gas
distribution zone from an outer gas distribution zone. An O-ring 558 located
between the electrode 502 and the backing plate 506 along the inner periphery of
the outer Q-pad can provide a gas and particle seal between the electrode and
backing plate.
25 [0053] While the invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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enbodi ments thereof, it wll be apparent to those skilled in the art that
various changes and nodifications can be nade, and equival ents enpl oyed,

wi t hout dwpantoassshr om t he scope of the appended cl ai ns POHAB2008/0@398¢ VED | S:
1. A showerhead el ectrode for use in a plasnma reaction chanber, said

el ectrode conprising: a central portion and a peripheral portion defined by
upper and | ower faces of the showerhead el ectrode, the upper face including
a planar surface extending across the central portion and part way across

t he peripheral portion, the upper face including an annul ar recess outward
of the pl an}YHALISECLAIMEDIS;er face defined by a planar inner surface
extendi ng across the central portion and a stepped outer surface extending
across the peripheral portion, the stepped outer surface including an

annul ar pl anar surface\ siefwenhead edettidde forafse imng pRamadedduion ichaaberpfail he
shower head e] ectrode; a plurality of gas outlets in the central portion of
the el ect r oBECHPHRAPHIIL N process gas can be delivered to a gap between

the showerhead eh%ﬁﬁt‘iﬁ%%;tﬂ{ch?ar@ud n;?éé\ﬁ%lﬁfalh gﬁt{oﬁ‘ﬁ%ﬁ%ﬂ B‘ggg&r% W fades of

supported; a plurality o y spaced t pockets In the
annul ar r ectdsshowhehepd cketreds; tref upper e icludng b pishac anfdco ekendingraetass

adapted to ¢l a t.he showeyhead el ectrode t.o, a backin | ate.. 2. The
ol ect r ode atiCARITHRPION EILPA Y2y ACTOEHEF PELRMTAIRIOMT MRS n bor es i n

the upper fgaefididd'sh MruldFFBdtss BhitwBObLhe pRHat AHERE, the 1 édacdihedlygnment
pins extending into the backing plate. 3. The el ectrode as clainmed i'n claim

1, further esohpar winersuaface axtendidg peatosethe cofitrgportil awl 4 stepped witarpped out er
f dapt ed t t i th et it Lde.vacuum

or esaur I oS Tioa R IO rettse A pEBRPTA Bortioeing Fepps b UBLOEE AT ol af m

1, wherein hfeniRaeladaeerfafe ddffirOWREN SRR cRhEA thREBeds HE KRS WRheaaNUl ar

| edge in an outer edge thereof, the | edge configured to support a guard
ring such tBlgetrede; outer surface of the guard ring is flush with the outer

surface of the shaneiioad o6l Sdiofing cerilf phEHIAE e A Tidnwhigl & M 1

wherein the showe
process gas can be delivered to a gap between the showerhead electrode and a lower

15  electrode on which a wafer is supported;
a plurality of circumferentially spaced apart pockets in the annular recess, the
pockets configured to received cam locks therein adapted to clamp the showerhead

electrode to a backing plate.

20 2. The electrode as claimed in claim 1, further comprising alignment pin
bores in the upper face, the alignment pin bores configured to align with alignment

pins extending into the backing plate.

3. The electrode as claimed in claim 1, further corhprising a confined
25  pattern of gas holes in the stepped outer surface adapted to cooperate with a

manometer unit to provide vacuum pressure measurements in the chamber.

4. The electrode as claimed in claim 1, wherein the upper face of the
showerhead electrode includes an annular ledge in an outer edge thereof, the ledge
30  configured to support a guard ring such that an outer surface of the guard ring is

flush with the outer surface of the showerhead electrode.
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el ectrode has a dianeter of over 12 inches, the annul ar recess has a depth
of less than 0.25 inch and a width of at least 0.5 inch, the pockets have a
di anet er wb 2ato/dosmst 0.5 inch and a depth of at |east OP8Tiusedns/ovivs2 st epped
surface extends at least 0.15 inch fromthe inner planar surface, the
annul ar planar surface having a width of at least 1.5 inches. 6. The

el ectrode as clained in claim1, wherein the stepped surface includes inner
and outer inclined surfaces, the inner inclined surface extendi ng between

the inner planar surface and the annul ar planar surface and the outer
i nclined surfaceSext edtesiechredoeselainied inretaimal, whesein thesshomwggleadnd t he outer

edge of the rihead..el ectrpde he ;outer inglined surface,fQ@rmng an
anghe of I oSRo SIS i EPEL 6P a1 2 ety B e Dien RESa TG BB "2 T ace
and the i nnefani0R indkdné Wifiakerffa0 leabti®5 aithaihglpdcldts BawAd Glanichanf 30ledagr ees
with the plane of the annul ar planar surface. 7. An el ectrode assenbly
conpri si ng: Ovneck ardie derth @f af lsett Ostimchsthe stgppedasurface pxiendsiat leash@dRi ng pl at e

cormpr i si ng: OPHecs e AR chithe i |
chover head SILd1on B ERG Mlhe? ittee R HaFblBar AFERERITNR AN Tt ¢ e

axi al |y ext kst n§idvhees; rotatable canshafts nounted in the radially
extendi ng bores; locking pins located in the pockets in the showerhead
el ectrode, the | ocking pins including enlarged heads at free ends thereof,

t he canshafts ing!udiqgegukgggé $§g@%§§gggﬁ§q§%gggﬁﬁggggéﬁwhggr ds of the

| ocking pins so as to nmechani ca ectrode to the
backi ng pl aireludgs iffieeard ewtr ndenaksefaoesy thesinoé¢ranclowdisnrfat@extendingher ei n
bases of,the | ocki,n ing are |l.ocat in sockets, the so ts including
Chr eadelbn SraER HEtuBeEt Sdike nd dhe SR Bt sHTI0d fE HET | nner
surface of jhREnBPalRIcE exich@ing BeliRded thd Shridirlarfak SNERS Aditkdo@BREHR Jrhe

upper face of the showerhead el ectrode, the axially extending bores in the
backi ng pl athe shaweihgad gleglirerts, gerquterriaclaed suefacefopoing amangle dlcless then por t i ons

recei ving t g, LLANgEHeHithe A0 ALY ARLE 0 SATHY A LRnLOSKERE PI NS
forming an angle of greater than 30 degrees with the plane of the annular planar

15 surface.

7. An electrode assembly comprising:
the showerhead electrode as claimed in claim 1;
a backing plate including axially extending bores aligned with the pockets in
20  the showerhead electrode and radially extending bores communicating with the
axially extending bores;
rotatable camshafts mounted in the radially extending bores;
locking pins located in the pockets in the showerhead electrode, the locking
pins including enlarged heads at free ends thereof, the camshafts including cutouts
25  adapted to engage and lock the heads of the locking pins so as to mechanically

clamp the showerhead electrode to the backing plate.

8. The electrode assembly as claimed in claim 7, wherein bases of the
locking pins are located in sockets, the sockets including threads on an outer surface
30  thereof engaged with threads on the inner surface of the pockets, the sockets
including flanges which engage the upper face of the showerhead electrode, the

axially extending bores in the backing plate including wide portions and narrow
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9. The el ectrode assenbly as clainmed in claim8, wherein the |ocking pins
are novable axially and laterally in the sockets to accommodate

di f f er entwel2otomessral expansi on of the backi ng pl at e andpchmarsséomesdsead

el ectrode. 10. The el ectrode assenbly as clained in claim7, wherein the
shower head el ectrode is a plate of polycrystalline silicon, single crystal
silicon, silicon carbide, alum num anodized alum numor yttria coated

al umi num and the backing plate is a plate of alum num 11. The el ectrode
assenbly as claimed in claim?7, wherein the backing plate is free of

t her mal conpewionsdht wide pratensyeceivmg the fangey and AW NOILONHESCEIVERE r ode
assenbl y astclained inclaim7, further conprising a thermal control plate
attached toIFﬂgdBE%RFﬁg pl ate, the thermal control plate having annul ar
projections on a | ower surface thereof defining gas plenuns in

communi cation with the gas passages in the backing plate. (13. The el ectrode

assenbly as cl ai fed i Fhelekcirpde assamblyers damsdiir plagm S, yhsreswthe lpeingen the
packi ng Pl abs AnbDSbIE RANRY DER i GhRF hl RE Sackeftto48BorifiRaB i ik chF AL O
S.” T47°K met hod o g

outwardly o he gas passag treating a sem conduct or
substrat e i theampll xpamsiohafthe backiag glaseilintie showperhsadgjettimlest eps of :
supporting the sem conductor substrate on a bottomelectrode in the
chanber; supplying process gas to the chanber; formng a plasma adjacent an

exposed surface #h. an 1HBRRLBHERIERDS; ARG ERFN TGwhaR: A conduct or

substrate with t asnma; wnerein upper el ectrode conprises the
shower head sovorheadeelasrodt & apldtd of pol yirystdllind Silicineingkt trydtabsilicomi med i n

claim 14, wherein rature of .th hawer head .el ectrode .is controlled b
a temperlt UPUCLFAPIET BHTITHIARIORIZEE  RTUNUR AR SBFa cGate APPSR BE pl ate

and a backi pgckitgabiate is Bplddst MBmis@nt rol plate including annul ar
projections formng plenuns between the thermal control plate and the

backing plate, the plenuns in fluid conmunication with gas passages in the
11.  The electrode assembly as claimed in claim 7, wherein the backing

plate is free of thermal control coolant passages and heating elements.
15
12. The electrode assembly as claimed in claim 7, further comprising a
thermal control plate attached to the backing plate, the thermal control plate having
annular projections on a lower surface thereof defining gas plenums in
communication with the gas passages in the backing plate.
20
13.  The electrode assembly as claimed in claim 7, further comprising a
gas seal between the backing plate and the showerhead electrode, the gas seal being

located outwardly of the gas passages.

25 14. A method of treating a semiconductor substrate in a plasma chamber,
said method comprising the steps of:
supporting the semiconductor substrate on a bottom electrode in the
chamber;
supplying process gas to the chamber;
30 forming a plasma adjacent an exposed surface of an upper electrode; and

processing the semiconductor substrate with the plasma;
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backing plate aligned with the gas passages in the showerhead el ectrode,

t he backing plate providing a thernmal path between the showerhead el ectrode
and t he twernaloosaant rol plate. 16. The net hod as cl ai me@Cirnseéoionioiz,
wherein the sem conductor substrate conprises a sem conductor wafer and the
processi ng step conprises etching the sem conductor wafer with the plasna.
17. The nmethod as clainmed in claim14, wherein the upper electrode is
grounded and the bottom el ectrode is powered during the processing step.

18. The nethod as clainmed in claim 14, conprising heating the showerhead

el ectrode and badviergin gledinper eleetrodsl comnrises the shewerhgadelgpireds aslamed

di fferentiaknélgﬂ liral expansi on of the showerhead el ectrode and the backi ng
pl ate, and accomodating the thernmal expansion by novenent of the | ocking
pins. 19. A nethod of replacing a showerhead el ectrode of the showerhead

el ectrode assenbly as clainmed in claim7, conprising rel easi n%ﬁt he cam

| ocks to di sengade- t hghégi%th%?@scmf‘&ﬁli?H;@imdék}”ﬁ@rem ISP ARHALIRE ¢ he
shover head S ESehaediol Ao R ]E BhBafite Sl Beflod RRlPURICS
rotating thehanalver] otheamilaoatrgbhgietctdnd ateakingplaté, ke theerkaln@nmiohplate
including annular projections forming plenums between the thermal control plate
and the backing plate, the plenums in fluid communication with gas passages in the
backing plate aligned with the gas passages in the showerhead electrode, the backing
10 plate providing a thermal path between the showerhead electrode and the thermal

control plate.

16. The method as claimed in claim 14, wherein the semiconductor
substrate comprises a semiconductor wafer and the processing step comprises

15  etching the semiconductor wafer with the plasma.

17. The method as claimed in claim 14, wherein the upper electrode is

grounded and the bottom electrode is powered during the processing step.

20 18. The method as claimed in claim 14, comprising heating the
showerhead electrode and backing plate to an elevated temperature which causes
differential thermal expansion of the showerhead electrode and the backing plate,

and accommodating the thermal expansion by movement of the locking pins.

25 19. A method of replacing a showerhead electrode of the showerhead
electrode assembly as claimed in claim 7, comprising releasing the cam locks to
disengage the cam locks from the locking pins, removing the showerhead electrode,
aligning locking pins of a new or refurbished showerhead electrode with the axial
bores in the backing plate, and rotating the cam locks to engage the heads of the

30 locking pins.
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